For a microbial ecological analysis, 20 strains of Legionella pneumophila isolated from both unchlorinated Noyu unattended natural hot spring samples and chlorinated hot spring bath water samples collected throughout Japan were subjected to a clustering analysis on the basis of a Pulsed-Field Gel Electrophoresis PFGE pattern analysis. The PFGE patterns obtained from 19 strains of L. pneumophila after digestion with SfiI were used to divide the strains into two groups Groups A and B , although the similarity level was very low among the groups. Group A consisted of 8 strains, and all of these strains were isolated from hot spring bath water samples. Group B consisted of 11 strains, and all but two of these strains were isolated from Noyu samples. The chlorine resistance 99.9% CT values of these isolates was experimentally confirmed, and we attempted to define the relationship between chlorine resistance and the geno-cluster. The average CT value of group A 8 strains from hot spring bath water was 0.49 mg min/l and the average of group B 9 strains from Noyu samples was 0.29 mg min/l. No remarkable differences in the CT values for the groups were found. A chlorine-sensitive Noyu strain 0.14 mg min/l and a chlorine-resistant strain 0.62 mg min/l from hot spring bath water were then compared to identify any differences in their lipid composition. There was no notable difference in the ratio of saturated to unsaturated fatty acids between the chlorinesensitive and chlorine-resistant bacteria. However, the chlorine-sensitive and chlorine-resistant bacteria demonstrated differences in the relative percentages of cell wall and cell membrane fatty acids.
INTRODUCTION
Legionella pneumophila is a pathogenic bacterium t h a t i n f e c t s t h e re s p i r a t o r y s y s t e m , B u i l d i n g Management Education Center, 2009 , and it has been isolated from the circulation-type hot spring bath water in various parts of Japan, with high isolation rates Furuhata et al., 2011a . Many hot spring baths attached to accommodation facilities have circulation facilities in which sanitization with chlorine agents at a
Chlorine resistance tests
The concentration-time CT values were measured at 25 , as described previously Furuhata et al., 2011b . Sodium hypochlorite dilutions were added to 200 ml of sterile PBS buffer pH 7.3 to prepare experimental solutions of 0.3-0.8 mg/l as available chlorine. The concentration of free residual chlorine was londiniensis Furuhata, et al., 2013a . I n t h i s s t u d y, w e u s e d a p u l s e d -f i e l d g e l electrophoresis pattern analysis to genotype L. pneumophila isolated from both unchlorinated Noyu unattended natural hot springs and chlorinated hot spring bath water samples collected throughout Japan, and investigated the relationship between the chlorine resistance of the isolates and the clustering groups.
Furthermore, based on previous reports Stewart and Olson, 1992; Qiao, et al., 2012 that showed there was a relationship between chlorine resistance and the cellular fatty acid composition, the chlorine-sensitive and resistant strains were compared to determine whether any differences existed in their cellular fatty acid compositions.
MATERIALS AND METHODS

Bacterial strains and cultivation
A total of 20 strains previously isolated from hot spring water samples in Japan were studied TABLE 1 . Strain No. 1-10 Group I were isolated from Noyu samples and strain No. 11-20 Group II were isolated from hot spring bath water samples.
All of these isolates were confirmed to be L. pneumophila based on partial 16S rRNA sequence about 500 bp data and GenBank BLAST analysis. No. 19, 11, 18, 20, 13, 14, 12 and 17 , and all of these strains were isolated from hot spring bath water samples. Group B consisted of 11 strains No. 15, 16, 3, 9, 1, 4, 6, 7, 2, 5 and 10 , and all of these strains, except No. 15 and 16, were isolated from Noyu samples. Two groups 1 and 2 were formed based on a homology of 75% or greater. Group 1 consisted of 2 strains No. 13 and 14 from the hot spring bath water from the same facility in Yamaguchi Prefecture. Group 2 consisted of 2 strains No. 2 and 5 from Noyu samples in Gunma Prefecture and Nagano Prefecture, which had a similarity of 100%. A remarkable connection was recognized between the clustering g ro u p s a n d t h e k i n d o f s o u rc e f ro m w h i c h L . pneumophila had been isolated, Noyu or bath water. CFU/0.1 ml. The bacteria were seeded in the experimental solutions to adjust the concentration to 10 4 CFU/0.1ml. After exposure to chlorine during stirring at room temperature for the specified time, 3 ml of this solution were added to a sterile tube containing 50 l of 0.3 M sodium thiosulfate solution to neutralize the residual chlorine. After being used in the series of experiments, each solution was diluted, and 0.1 ml was inoculated in BCYE medium and cultured at 36 for 7 d, and the CFU values were measured. The CT value mg min/l was calculated by multiplying the residual chlorine concentration that killed 99.9% of bacteria by the exposure time.
Chlorine resistance of test strains
Cellular fatty acid assay
A chlorine-sensitive strain from the Noyu samples and a chlorine-resistant strain from the hot spring bath water samples were compared to determine whether there were differences in their cellular fatty acid composition. Both strains were cultured in BCYE medium Nikken Bio Medical Laboratory Inc., Kyoto, Japan at 36 for 5 d. The analysis of the cellular fatty acid composition was performed using a Sherlock Microbial Identification System Version 6.0 MIDI, Newark, DE, USA according to the manufacturer s instructions. The most notable differences occurred in the fatty acid fractions 16:0, 16:0 iso and 16:1, in which there were the percentage point differences of 11.86, 9.29, and 9.25 between strains, respectively.
FIG. 1. A dendrogram of PFGE profiles obtained by
DISCUSSION
We have previously isolated L. pneumophila strains at a high frequency from the circulation-type hot spring bath water Furuhata et al., 2011a and Noyu unattended natural hot springs samples Furuhata, et al., 2013a in various parts of Japan. In the present study, we investigated the genotypes of these strains, employing a PFGE pattern analysis. This analytical method is useful for examining similarities between strains Amemura-Maekawa, et al., 2002; Furuhata, et al., 2013b . The clustering analysis on the basis of the PFGE pattern showed that the 19 strains could be divided into two groups, although the similarity level was very low. The grouping was related to the general origin of the strains, with the Group A strains having been isolated from hot spring bath water and the Group B strains having been isolated from Noyu samples.
In a report by Amemura-Maekawa et al. 2002 , the L. pneumophila isolated, respectively, from cooling tower water and hot spring water, were categorized according to their origin using a cluster dendrogram by a PFGE pattern analysis, supporting the results of our Strain No. 17 serogroup UT, Yamagata was the most resistant to chlorine, with a CT value of 0.62 mg min/l, followed by No. 18 serogroup 1, Hokkaido , with a CT value of 0.60 mg min/l. Among the 8 strains, the resistance of No. 13 serogroup 1, Yamaguchi was the weakest, with a CT value of 0.25 mg min/l. The CT values of the group B nine isolates from Noyu samples were within a range of 0.14-0.37 mg min/l, with an average of 0.29. Strain No. 2 serogroup 3, Gunma and No. 7 serogroup 3, Shimane were the most resistant to chlorine, with a CT value of 0.37 mg min/l, followed by No. 6 serogroup 1, Nagano , with a CT value of 0.36 mg min/l. Among the 9 strains, the resistance of No. 5 serogroup 3, Nagano was the weakest, with a CT value of 0.14 mg min/l. Therefore, the mean of the A group was approximately 1.7 times that of the B group, but the difference was not significant.
Comparison of the cellular fatty acid compositions
The chlorine-sensitive cells demonstrated a cellular fatty acid profile that was the same as that of chlorineresistant cells TABLE 3 . There was no notable difference in the ratio of saturated to unsaturated fatty acids between the chlorine-sensitive and chlorineresistant cells. However, the chlorine-sensitive and chlorine-resistant cells demonstrated differences in the relative percentages of cell wall and cell membrane fatty acids TABLE 3 . In the cell wall i.e., where the fatty acid carbon chains are 15 or fewer in length , the only difference between chlorine-sensitive and chlorineresistant cells was in the amount of lipids with carbon chain lengths of 15; chlorine-resistant cells had approximately 1.5 times the amount of lipids as the chlorine-sensitive cells 18% versus 12% . However, in the cell membrane i.e., fatty acid carbon chains with lengths of 16 or greater , there were more distinct fatty acid composition differences between the two strains. : mg min/l occurring hot spring water CT value 0.14 mg/min/l , with those of chlorine-resistant strains occurring in hot spring baths CT value 0.62 mg/min/l . These results showed no significant difference in the proportion of saturated fatty acids and non-saturated fatty acids between the types of bacteria. There was, however, a slight difference in the proportional composition of the cell wall fatty acids and the cell membrane fatty acids in both strains. In particular, 15:0 anteiso, which contributes to the cell wall, was 1.5 times more prevalent in these bacteria compared with the sensitive strain, thus indicating the possibility that it contributes to chlorine resistance. Furthermore, Bodet et al. 2012 reported that exposure of L. pneumophila to chlorine induced the expression of cellular antioxidant proteins, stress proteins and transcriptional regulators, and we hope to study these points in the future.
present experiment. Furthermore, as AmemuraMaekawa et al. 2008 reported that the isolated strains of L. pneumophila with different origins in fla A genotypes were also categorized according to origin, we hope to study fla A genotypes in the near future.
To examine the chlorine resistance of L. pneumophila isolates from chlorinated hot spring bath water, 99.9% CT values were measured for comparison with those from strains isolated from unchlorinated Noyu samples. As a result, the CT values of the isolates from hot spring bath water ranged from 0.25 to 0.62 mg min/l, averaging 0.49 mg min/l, which was not as high as we would have predicted. The CT values of the isolates from Noyu samples ranged from 0.14 to 0.37 mg min/l, averaging 0.29 mg min/l. The mean of the A group was approximately 1.7 times that of the B group, but no marked trend was noted in the relationship between these CT values and the groups clustered by the PFGE pattern analysis. We concluded that all of the isolates from hot spring bath water had acquired chlorine resistance through exposure to chlorine. However, the strains isolated from unchlorinated, unattended hot springs in fields and mountains Noyu samples, were also largely chlorine-resistant. Thus, L. pneumophila strains may be naturally resistant to chlorine. In the future, we will conduct a gene analysis to further examine this issue.
In an experiment by Kuchta et al. 1983 , it took 40 min of contact time for 0.1 mg/l free residual chlorine to kill 99% of L. pneumophila bacteria. In Japan, a report by Yabuuchi et al. 1995 indicated that 15 min of contact time was required to kill 10 5 CFU/ml of L. pneumophila bacteria using 0.4 mg/l free residual chlorine. Miyamoto et al. 2000 reported that in their experiments, 3 min of contact time was required to kill of L. pneumophila bacteria completely using 2 mg/l free residual chlorine. This further confirms that L. pneumophila has essential chlorine resistance.
Stewart and Olson 1992 compared the cellular fatty acid composition of chloramine-sensitive and tolerant strains of Klebsiella pneumonia, and found a significantly high proportion of saturated fatty acids in resistant strains, with values seven times those of the non-saturated fatty acids. They reported that the proportion of fatty acids making up the cell walls was high, at around 1.7 times that demonstrated in sensitive strains. Furthermore, in a study of the mechanism of chlorine resistance in Mycobacterium mucogenicum, Qiao et al. 2012 found that a high percentage of 95.7% of the overall fatty acids were saturated, and in particular, that the levels of fatty acids involved in the cell walls 15:0 was the highest of all, at 43.93%.
In response, we compared the bacterial fatty acid composition of chlorine sensitive strains in naturally
